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Introduction
Among synoptic meteorologists, it has been well known that heavy snowfall in the plain area of the Hokuriku District (the Japan Sea coastal region of the central Japan) is closely related to the mesoscale disturbance or small surface cyclone in the vicinity of cold vortex center (e. g. Miyazawa, 1959) . Recently radar data at the Hokuriku District have been available and some attempts were made to use them for detailed analyses concerning the mesoscale disturbances over the Japan Sea, where any other kind of observation has scarcely been made. Fukuda (1961) has already pointed out that the bubble-like minor depression appeared over the sea off Hokuriku, and tornado or large water-spout was especially observed over the sea off eastern part of Toyama Prefecture during the period of heavy snowfalls. On the other hand, the author (1966) showed from the detailed radar analysis that a cyclonically rotating system of radar echoes has contributed to the increase of the local concentrated rainfall in the Hokuriku District, and Arakawa (1966) showed that the mesocyclone with hookshaped echoes was closely related to the rainstorm at Isahaya, the Kyushu District.
Recently, the author found out an interesting and remarkable fact that, during the period of heavy snow-or rainfall, small disturbances like midzet-typhoon with spiral radar echoes have often been formed and developed over the sea off the Hokuriku District, which could be tracked from the sea to the inland, and brought considerable amounts or precipitation. As reported by Fujita (1963) , these small disturbances which are found to accompany a definite cyclonic pressure patterns should be called "mesocyclones" whose horizontal dimensions are one order of magnitude smaller than those of ordinary typhoons, which are characterized by the diameter of several hundreds kilometers.
These disturbances are designated as " vortical mesoscale disturbance" in this report.
The observational facts indicate that during the period of heavy snow-or rainfall the spiral or ring-shaped echo could be formed under favorable conditions.
As the necessary conditions for the initiation of such echoes, we may select the followings:
(1) Strong convergence at low levels and divergence at upper levels, which may result in a significant in-crease of cyclonic vorticity; (2) Much supply of water vapor and sensible heat from the sea surface. These conditions are very similar to those seen with typhoon formation over the tropical maritime region.
The lifetime of the vortical mesoscale disturbance seems to be of the order of several hours. This is pretty long in comparison with the mean life of a thunderstorm cell which is less than one hour. Therefore, it is pointed out that by finding out and tracking the vortical mesoscale disturbance the short range forecasting of heavy precipitation would become possible. In this article, is presented a detailed mesoscale study of the vortical disturbances which appeared in the Hokuriku District recently.
Vortical mesoscale disturbances
as observed by radar i) February 2-3, 1965 (snowfall) On February 2-3, 1965, the plain and mountainous regions in Niigata Prefecture had the largest amount of snowfall during the winter season of the year. As shown in Fig. 1 , a well-developed monsoon prevails over the Hokuriku, and the surface pressure field shows a typical winter-type distribution, but at the surface mesomap we can find that the vortical disturbance is concealed in the coastal sea area of the Hokuriku District.
This vortical mesoscale disturbance was formed on the sea off Noto peninsula, moved over the southern part of Niigata Prefecture.
As shown in Fig. 2 , the zone of heavier snowfall extending fromFig. 1. Surface weather map for 0000 JST 3 Feb-ruary 1965 (left fig Fig. 2 southeast to northwest over this region was probably associated with the passage of disturbance.
The radar echo associated to the vortical disturbance had a well-defined spirallike appearance similar to that of typhoon, and persisted for 1.5 hours until it decayed over the mountain area of Niigata Prefecture. In this example, the diameter of the "eye" was about 20 km and the horizontal scale under the influence of this disturbance was about 80 km in diameter.
ii) February 1, 1963 (Snowfall) On February 1, 1963, the northern plain and mountainous region in Niigata Prefecture had a concentrated snowfall.
As shown in Fig. 3 , the synoptic pressure pattern is a type of the "Cyclone over the Japan Sea" and vortical disturbance appeared in the warm sector of the cyclone over the Japan Sea. The author (1961) has already showed that a type of snowfall in the plain of the Hokuriku District, socalled " Sato-yuki " is observed frequently corresponding to the passage of the instability line in the warm sector of cyclone over the Japan Sea, using the special synoptic data. In this example, there is little doubt about the occurrence of the concentrated snowfall corresponding to the passage of vortical disturbance, because the continuous radar data were not available.
But we can find out that a typical vortical disturbance which is characterized by a diameter of about 60 km was formed over the sea in the vicinity of Noto peninsula and the Sado Island, as shown in Fig. 4 . Fig. 4 . Distribution of snowfall amount (in cm) for 0800-1600 JST 1 and spiral radar iv) July 18, 1964 (Rainfall) We had a heavy rainfall on July 18, 1964 over the Hokuriku District. The surface weather map is given in Fig. 3 . A pretty narrow area covering Kanazawa and Toyama Cities, both of which are located on rather flat lands, were subjected to the heavy rainfall and suffered serious damages by flood and landslides. (This heavy rainfall was named as the "San'inHokuriku Gou" by JMA). It is seen that the maximum rainfall intensity was observed when the ring-shaped echo passed over the western Hokuriku District (Miyazawa, 1966) . The vortical disturbance closely connected with the ring-shaped echo moved across the coastal region, became ill-defined gradually in the mountainous region and contributed to the larger amounts of rainfall at the passage as shown in Figs. 7 and 12. The diameter of the ringshaped echo was about 25 km.
Figs. 8, 9, and 10 show the radar photographs of each examples mentioned above. While, we can easily find the rotating character ofFig. 7. Distribution of rainfall amount (in mm) for 1000-1100 JST 1 it is rare to get a chance capable of pursuing the detailed process of the vortical mesoscale disturbance, which is characterized by a diameter of about 50 km. On February 2-3, 1965, fortunately, the data of a relatively dense network was obtained in the coastal region by supplementing 9 railway stations equipped with automatic recording instruments.
In Fig. 2 is shown the distribution of the observation stations in the area under consideration. Now let us look at the structure of disturbance which struck the coast line near Kashiwazaki, Niigata Prefecture.
Time sections of surface weather elements observed at Kashiwazaki and Takada during the passage of the vortical disturbance are given in Fig. 13 . Rather weak wind was observed at Kashiwazaki, which lasted for about 20 minutes around the time when the minimum surface pressure was observed, 0100 JST February 3. Unfortunately, there was no measurement of wind direction.
It seems reasonable to expect that there was rather weak wind near the center and strong wind at a distance of about 25 km from the center if a steady movement of the disturbance is assumed. This feature is quite similar to that of the typhoon wind field. The changes in weather elements obtained at the selected stations with passage of the vortical disturbance may be summarized as follows.
i) Takada Significant changes of wind, temperature, pressure and snowfall intensity were noticed around 0045 JST. There was a sharp increase (Fukuhara, 1965) . remarked that the vortical disturbances appeared and convective heavy snowfall occurred in the southern part of the cold vortex where a deep unstable layer would be expected.
Furthermore, as one of the Heavy Snow Storm Project observations, the distribution of the sea surface temperature was obtained as given in Fig. 16 . The most noticeable feature is that the vortical disturbance seems to be formed at the area of concentration of contour lines of sea surface temperature, indicating the existence of warm current and accordingly a predominant vapor supply (Matsumoto, and Ninomiya, 1966) . 4) The vortical disturbance
